(8iS)-3-(2-hydroxypropyl)-cyclohexanone (5) ], as well as to new secondary metabolites.
Fermentation of the producing organisms of the new DNA-binding metabolites, ent -8,8a- dihydro-ramulosin (6) , (2^,47?)-4-hydroxy-2-( l ,3-pentadienyl)-piperidine (7), (57?)-dihydro-5-pentyl-4'-memyl-4'-hydroxy-2(3H)-furanone (8) , and seco-4,23-hydroxyoleane-12-en-22-one-3-carboxylic acid (9) , as well as isolation, structural characterization, and physico-chemical properties are reported.
With the aim to develop a novel strategy based on the chemical screening technique12), the so-called biomolecular-chemical screening has been established3Ĉ hemical screening allows to visualize a thorough picture of a microbial secondary metabolite pattern (metabolic finger-print) by means of TLCin different solvent systems and various staining reagents2). It was now integrated with a target-directed screening approach, the binding analysis of low molecular weight secondary metabolites towards DNA. In order to establish the method, binding of 470 pure natural products (mainly secondary metabolites) with random DNAwas examined with the one-dimensional variant of the TLC method4).
For binding studies of secondary metabolites out of crude extracts a modification of the biomolecular-chemical screening has been developed using two-dimensional TLC.
In the first dimension the metabolites are chromatographically separated, and in the second dimension binding studies are-performed similar to those with pure compounds3). In this paper we present the results of the screening program and the structural elucidation of the newly obtained metabolites.
S creening
For our chemical screening routinel\ extracts from Streptomyces and Fungi imperfecti strains are prepared from the filtrate of 50ml shaking cultures by solid-phase Dedicated to Prof. Dr. Axel Zeeck on the occasion of his 60th birthday. VOL.52 NO. 12 THE JOURNAL OF ANTIBIOTICS (Table 1) were selected for further processing.
Fermentation and Isolation
On the basis of the results from the biomolecularchemical screening seven Streptomyces isolates and one Fungi imperfecti isolates were subjected to large scale fermentation (40 to 200 liter) using the same cultivation media as in the screening routine. As the production of the metabolites in question could be pursued by TLC, the time for harvesting was chosen according to highest yields. After harvesting, the culture filtrates of all strains were adsorbed on Amberlite XAD-16resin, and after washing with water the metabolites were eluted with MeOH-H2O (4 : 1). The oily concentrates obtained after evaporation of the solvents were subjected to subsequent column chromatography {e.g. silica gel, Sephadex LH-20, RP-18-silica gel on MPLCand HPLC) using suitable solvent systems adapted to each metabolite to be purified. The yields of the DNA-binding metabolites ranged from 0.3 to 58.7 mg/liter. Table 1 provides an overview on the different producing strains, fermentation data, yields, as well as the TLC-characteristics of the isolated metabolites. The isolated pure compounds were characterized spectroscopically. The molecular formulae were determined by mass spectrometry and structures were elucidated by detailed analysis of the ]H-, 13C-, ' H-' H-, and ' H-^C-shift correlation NMR-spectra and, where applicable, in comparison to literature data. -8,8a-dihydro-ramulosin (6) , (2R,AR)-Ahydroxy-2-( l ,3-pentadienyl)-piperidine (7), dihydro-5-pentyl-4' -methyl-4' -hydroxy-2(3H)-furanone (8) , and seco-4,23-hydroxyoleane-12-en-22-one-3-carboxylic acid (9) ] discovered by biomolecular-chemical screening via their DNA-binding behavior. n* transition when the side chain is in an axial position (in both, chair-and boat-conformation). ent-8,8a-Dihydro-ramulosin (6) The colorless amorphous compound was isolated together with 5 as the stronger DNA-binding one. Based on both, the molecular formula C10H16O3 deduced from a HREI-mass spectrum (m/z= 184. 21 13) and its NMRdata, 6 was determined to be ent-8,8a-dihydro-ramulosin, formerly reported as metabolite of the endophyte Caroplea elegantulaU). However, there is a disparity concerning the optical rotation value: [a]D= -244 (c 0.007, CHC13) for the published compound vs.
[a]D=+36.0 (c 0.8, CHC13) in our compound 6. Identical !H and 13C NMRspectra in CHC13, as well as detailed analysis of the^-coupling pattern in d4-Me0H clearly indicated the same relative constitution for both compounds. Therefore, we assume 6 to be the enantiomer of the published compound despite the difference in magnitude of the optical rotation value.
Taking into consideration the stereochemical assignment of the co-metabolite 5, this assumption is also supported by the similarity in *H NMR-data of5 and 6.
(2i?,4i?)-4-Hydroxy-2-( l ,3 -pentadienyl)-piperidine (
The culture broth of Streptomyces strain GT 41006
showed a striking DNA-binding metabolite which turned to purple after staining with anisaldehyde-H2SO4. The molecular formula C]0H17NOresulted from a HREI-mass spectrum (m/z=167.1316). On the basis of detailed NMR studies, especially 3/H H-coupling patterns, the constitution of 7 turned out to be identical with a piperidine derivative Seco-4,23-hydroxyoleane-1 2-en-22-one-3-carboxylic Acid (9) The isolated pure DNA-binding compound of Streptomyces sp. (strain GT 44003) was well soluble in MeOH, ethyl acetate, and CHC13, but only weakly soluble in H2O.Due to the results from the HRFAB-mass spectra (Wz=489.3613) the molecular formula of 9 was found to be C30H48O5.The molecular ion was also obtainable with DCI-MS and ESI-MS while HREI-MS gave only M+-H20 (m/z=470.3399).
In addition, a conspicuous Retro-DielsAlder fragmentation was observable with product peaks at 232.3 and 239.3 (Fig. 3) .
The *H NMRspectrum indicated seven methyl groups, one olefmic proton, two protons attached to a carbonyl moiety as well as 18 aliphatic protons. The 13C NMR spectra presented 29 carbon signals (DEPT:
10 CH2-groups, eleven CH/CH3-groups as well as 8 quarternary Catoms). An additional carbon signal (8 \11A, s, C-3) was discovered via a HMBC experiment. From the^'H-COSY data only small fragments of the molecule were obtained which were separated by quarternary C-atoms (Fig. 4) . From the HMBC-data a four-ring-system was unambiguously established pointing to an oleane-type metabolite.
In comparison to NMR data of oleanes DEC. 1999 Fig. 3. Hypothetical retro-Diels-Alder fragments of seco-4,23-hydroxyoleane-12-en-22-one-3-carboxylic acid (9) . reported in the literature19 '20) the constitution of the isolated compound was established to be the new seco-4,23-hydroxyoleane-12-en-22-one-3-carboxylic acid (9) . Stereochemical analysis was done on the basis of NMR data, e.g. comparison of 13C data at the centers of chirality C-8 and C-14 of 9 with 4, as well as at C-17 with yunganogenin K21). Between 28-CH3 and 18-H a strong NOEwas observed which proved a 18i?-configuration as it is typical for oleanes. The assigned stereochemistry of C-9 resulted from proton coupling constants (equatorial position of 9-H due to a missing large axial-axial VHHcoupling towards ll-H2)22).
Because the NMR-spectroscopically deduced information, the stereochemistry of 9 appeared to be identical with that of other oleanes, and therefore we postulate C-1 0 to be^-configurated.
DNA-binding and Biological Activities
DNA-binding studies by one-dimensional TLC-analysis of the pure, isolated metabolites confirmed the initial screening results on DNA-binding ( a) The Rf2/Rfi-ratios (Rf, without DNA; Rf2 with DNA) were determined with pure substances using the 1 D-TLC method3); b) Difference in DNAmelting curves monitored at 260 nm3); c) HeLacellline; d) 1: 46 % inhibition at800 ng/ml, 9: 35 % inhibition at800 ng/ml; e) S. aureus (IMET 10760): 20 mm zone of growth inhibition at 50 ug; B. subtilisATCC 6633: 21 mmzone of growth inhibition at 50 ug; f) Coxsackievirus B3: 65 % inhibition at25 ug/ml; 46 % inhibition at 12.5 ug/ml; 8 % inhibition at6.25 ug/ml.
n.d. not determinable.
given in binding in biochemical and biomedical research, there are many well-established analytical procedures for studying DNA-ligandinteractions, most of them more precise than our TLC-based approach. However, it was our objective to make a simple detection of DNA-binding applicable to natural products screening from complexextracts.
In this study, our aim was not to focus on strong DNAbinding compounds as there are many known already, but to search for metabolites with moderate binding activity. Biological activities of such compounds as deduced from the literature or found through our ownefforts on biological pro filing are not necessarily to be correlated with the DNAbinding property. The broad spectrum of biological activities associated with the compounds described in our study shows that the initial selection marker of DNAbinding does not narrow the potential of these compounds down to mere toxic agents. Identification of compounds 1, 2 and 3 with literature known DNA-binding properties provides powerful proof for the general applicability of our method and the significance of TLC-detected DNAbinding23'25).
The 
Fermentation and Sample Preparation for TLCScreening
The strains were cultivated in 300 ml Erlenmeyer flasks each containing 100 ml of the production media on a rotary shaker at 180rpm (Streptomyces strains at 28°C for 4 days in media A to C, Fungi imperfecti strains at 21°C for ll days in media D to F). The culture broth was separated from the cells by centrifugation (4000 rpm, 10 minutes) and 50ml of the supernatant were loaded onto an Amberlite XAD-16 column (2.5X5 cm), washed with water (100ml) and eluted with 50ml of methanol -water (4 : 1). The eluate obtained was concentrated to dryness and dissolved in 1 ml of methanol -water (1 : 1)1>2).
Fermentation and Isolation of 5 and 6
Strain GT 46045 (Fungi imperfecti) was cultivated in a 200 liter stirred tank fermentor using the production medium F. The fermentor was inoculated with 5% (v/v) of shaking cultures grown for 48 hours in 300 ml Erlenmeyer flasks containing 100ml of medium F at 180rpm at 22°C. The fermentation was carried out at 22°C for 264 hours with an aeration rate of 0.5 v/v/minute and an agitation rate of 130rpm. The culture filtrate was passed through an Amberlite XAD-16column (12.5% resin volume relating to culture filtrate volume). The resin was washed with 90 liters of water and eluted with 90 liters of MeOH-water (4 : 1).
After removing the organic solvent by evaporation under vacuum, the aqueous residue was extracted with 5 liters of ethyl acetate and the organic layer was evaporated to dryness. The obtained brown oil (7.8g) was chromatographed on Sephadex LH-20 (6XI00cm) using MeOH as eluent to yield 1.8g of a crude product which was further purified by preparative reversed-phase HPLCcolumnusing a stainless steel column (250X25mm) filled with Licrosorb RP-18. Elution was performed with watermethanol, starting with 5% MeOHover 5 minutes, followed by a linear gradient from 5% MeOHto 95% MeOHover 10 minutes and a 10 minutes hold at 95 %MeOHat a flow rate of20ml/minute to yield 167mg of5 and 245 mg of6.
(8£)-3 -(2-Hydroxypropyl)-cyclohexanone (5) [a]g -3. (2^,4i?)-4-Hydroxy-2-( l ,3 -pentadienyl)-piperidine
Streptomyces strain GT 41006 was cultivated in a 150 liter fermentor at 300rpm and 28°C in medium A for 4 days at an aeration rate of 0.5v/v/minute. The culture filtrate was adsorbed on 25 liters of XAD-16resin, which was then washed with 50 liters of water and eluted with 50 liters of MeOH-water(4: 1). The eluate was concentrated to dryness and was further purified on a silica gel column (10X50cm) by elution with ethyl acetate-MeOH (3: 1) and Sephadex LH-20 (6XI00cm) 92 (m, 2H, 3.14 (ddd, 1H, 7=12.5, 4.3, 2.7Hz, 3.26 (ddd, 1H, 7=12.9, 12.9, 2.8Hz, 1H, 3.93 (ddd, 1H, 7=11.1, 7.9, 4.4Hz (5^)-Dihydro-5-pentyl-4 '-methyl-4 ' -hydroxy-2(3//)-furanone (8) Streptomyces strain GT 61115 was cultivated in two 20 liter fermentors in parallel at 28°C for 120 hours in production medium A with an aeration rate of 0.5 v/v/minute and an agitation rate of 400 rpm. The combined culture filtrates were passed through an Amberlite XAD-16 column (10 liter), and the resin was eluted with 35 liters of MeOH-water (4 : 1) after washing out impurities with 30 liters of water. The eluate was evaporated to an aqueous residue which was lyophilized to yield 125g of crude material. This was extracted 5 times with 1 liter ethyl acetate. The organic layers were combined and evaporated, to yield 10.8 g of a brown oil which was chromatographed twice on Sephadex in 
Inhibition of Xanthin Oxidase
The compounds were tested in a lucigenin-coupled chemiluminescence assay for their inhibitory activity on xanthine oxidase (SIGMA CHEMICAL Co.) with allopurinol used as standard39).
Cytotoxic Porperties
The testing for cytotoxic and antiproliferative activities against L-929 (mouse fibroblasts), K562 (human leukemia)
and HeLa (human cervix carcinoma) was performed according to standard protocols38).
Antiviral Activity
The antiviral activity against coxsackie virus B3 (strain Nancy), influenza virus A and herpes simplex virus type I was tested by inhibition of virus-induced cytopathic effects (ZPE) on HeLa, MDCKand GMKcells, respectively40. 
